The vibrational ground state microwave spectrum of cis-cyclopropyl carbonyl chloride-( 35 Cl) was investigated in the region from 4 to 40 GHz by microwave Fourier transform (MWFT) spectroscopy. The rotational and fourth order centrifugal distortion constants were determined. The quadrupole hyperfine structure was assigned and the quadrupole coupling constants including the off-diagonal element i ab were evaluated. This leads to a transformation of the quadrupole coupling tensor into its principal axes system.
Introduction
The microwave spectrum of cis-cyclopropyl carbonyl chloride, C 4 H 5 COCl, was first observed by Nair and Boggs in 1975 [1] , Several orientations of the COCl-group with respect to the cyclopropyl frame are possible. Results of electron diffraction studies of the structure and conformational behaviour of cyclopropyl carbonyl chloride by Bartell, Guillory and Parks [2] indicated that there is a considerable surplus of the cis-isomer. They simulated radial distribution functions for various assumed concentrations of different conformers and compared them with the observed curves. Bartell et al. concluded that the equilibrium composition consists of approximately 85% ±15% "cis-like" and 15% ±15% "trans-like" conformers. The expression "cis-like" or "trans-like" included distorted conformations with respect to the "ideal" eis and trans isomers. This is a quite unexpected result because in general molecules predominantly favour the staggered conformation of the CH (tertiary)-and CCl-bond. In cis-cyclopropyl carbonyl chloride these bonds are eclipsed. This may result from steric effects [2] . There is another interesting point about this investigation. No quadrupole coupling constants were determined so far. Moreover, a prediction of the spectrum indicates that it should be possible to evaluate the off-diagonal quadrupole coupling constant x ab directly from the spectrum. This would lead to the determination of the whole quadrupole coupling tensor in its principal axes system. Therefore, the absolute value of the angle a between the principal axes of inertia and the principal axes of the quadrupole coupling tensor should be accessible. Fig. 1 . Cis-cyclopropyl carbonyl chloride-( 35 Cl) in its principal axes system of inertia (a, b, c) in the view along the c-axis. The x, y, z-axes system denotes the principal axes system of the quadrupole coupling tensor. The structure is taken from similar molecules.
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Experimental
A commercial sample of cyclopropyl carbonyl chloride (99% purity, Aldrich Chemical Co.) was used for the microwave investigation. All measurements were carried out with our standard microwave Fourier transform (MWFT) spectrometers combined with double-resonance techniques in the region from 4 to 40 GHz [3] [4] [5] [6] [7] , Sample pressures were about 0.2-2 mTorr (0.03-0.3 Pa) and temperatures were about -50 °C. The frequencies given here were evaluated by an iterative least squares fit of the time domain signal [8] , prior to Fourier transformation.
Results and Analysis
For the first analysis we used the rotational constants of cis-cyclopropyl carbonyl chloride given in [1] and tried to assign the quadrupole hyperfine structure. The spectrum was found to be very rich with lines because of the existence of both a-and fr-type-transitions, the unassigned trans (and other "trans or cislike") conformers as well as excited vibrational states. In addition, the spectrum was complicated by the presence of the second chlorine isotopic species 37 C1
with the same distribution of the possible conformations.
The spectrum is highly sensitive to the polarisation conditions. Commonly, short pulses (40 to 100 ns) with extremely low input power to the travellingwave-tube-amplifier were used [3] [4] [5] [6] [7] , Up to 7 • 10 7 cycles were averaged for individual transitions to yield a sufficient signal to noise ratio. The assignment was simplified and confirmed by application of doubleresonance techniques with the pump/signal combinations in the V/Ku and X/K band [4] . With an iterative fit and measurement procedure, the rotational, centrifugal and quadrupole coupling constants were obtained. Subsequently, it was possible to measure transitions depending on the / aft -element. The significance of the / a ^-element is emphasized in the experimental patterns of the transitions J K K -+ --3 12 and 4 14 -3 13 , which are reproduced in Figure 2 a and b. The 4 14 -3 13 transition is nearly unperturbed, and for this reason it is symmetric with respect to a line perpendicular to the frequency axis (without consideration of the relative intensities). This symmetry is destroyed for the transition 4 13 energy differences. Transitions to all of these energy levels were observed. A complete list of all measured transition frequencies and a shortened schedule of double-resonance combinations used for the confirmation of the assignment are given in Table 2 . The rotational. Van Eijcks fourth order centrifugal distortion, as well as the quadrupole coupling constants including one off-diagonal element were evaluated in a one-step procedure with our program HFS.FOR. The program calculates the eigenvalues of the asymmetric top considering one coupling nucleus; it is described in detail in [9, 10] . The Hamiltonian is given in [11] , the corresponding matrix elements are given in [12] . The energy matrix is set up in the coupled basis \JKIFM f ) in F-blocks in order of J and is then fully diagonalised. Table 3 contains the results of this analysis. Table 4 . Quadrupole coupling constants with respect to the principal axes system of the quadrupole coupling tensor. Table 4 contains the values of a, Xz and
The Transformation of the Quadrupole Coupling Tensor in its System of Principal Axes
The quadrupole coupling constants given in Table 3 The tensor x m ay be transformed into its principal axes system by an orthogonal transformation [13] . This principle axes system is illustrated by Figure 1 . a denotes the angle between the a-(system of inertia) and the z-axis (principal axes system of x)-Xyy -Xcc-The errors of all constants were determined by a Gaussian error propagation (correlations between the constants are not included). As Table 4 shows they are very small. Moreover, there is no information about the sign of a. Only an isotopic substitution of the tertiary hydrogen with deuterium would lead to this information but it is difficult to prepare such a molecule. For this reason Fig. 1 is simplified because of the omission of the second (but rather less probable) orientation of the x, y, z-coordinate system.
